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1
BLADE ARRANGEMENT FOR A FOOD
PROCESSING VAT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Patent Application Ser. No. 61/325,612 filed on Apr. 19,2010,
the entirety of which is expressly incorporated by reference
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to food processing vats and, more
particularly, to agitation and cutting systems of food process-
ing vats.

2. Discussion of the Related Art

Agitation and cutting systems for use in food processing
vats are known in the food processing industries. Such sys-
tems are widely used in equipment for processing semi-liquid
food products, such as cheese vats.

Agitation and cutting systems used in cheese vats typically
have panels mounted on and rotating with shafts. The panels
have sharp edges on one surface and dull edges on an oppos-
ing surface. This allows the panels to rotate in the direction(s)
that the sharp edges face to cut the contents of the food
processing vat. Rotating the panels in the opposite direction
(s), which the dull edges face, is done to stir the contents of the
cheese vat.

SUMMARY OF THE INVENTION

The inventors have recognized that in typical vats having
two horizontal shafts, the agitators of the two shafts pass
through a common swept volume in an alternating sequence
from opposing sides of the vat. The inventors have also rec-
ognized that (i) such passing the agitators of the two shafts in
an alternating sequence through the common swept volume
imparts alternating directional changes to the vat contents
moving within the vat, (ii) after each directional change, the
vat contents and the respective agitator move in the same
direction, and (iii) the efficiency of cutting or stirring when
the agitator and vat contents move in the same direction is less
than if they are moving in different directions. The inventors
have further recognized that with typical flat-panel agitators,
when the agitator and vat contents move in the same direction,
e.g., circumferentially around a shaft that supports the flat-
panel agitator, the vat contents move with a centrifugally
directed flow component which forces the contents radially
away from the shafts. The inventors have recognized that the
centrifugal flow component imparts movement of the con-
tents a direction that is tangential with the cutting or stirring
surfaces of the flat-panel agitator, whereby the contents may
atleast partially slide outwardly along the flat-panel agitators,
which may reduce the efficiency of the cutting or stirring. The
inventors have also recognized that in typical vats, the agita-
tors extend from a single side of or in substantially a single
direction from the shafts and that this may cause rotational
imbalances during use. The present invention contemplates a
blade arrangement for a food processing vat that addresses
these and other inventor identified problems and drawbacks
of the prior art.

In accordance with an aspect of the invention, a food pro-
cessing vat is provided with blade assemblies mounted on two
horizontal shafts that define a common swept volume
between them. Blade assemblies of the two shafts simulta-
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neously move through the common volume, working the
contents from both sides of the vat. This may enhance stirring
or cutting of the contents by imparting a turbulent flow of the
contents in the common volume which may ensure that the
contents and blade assemblies are moving at least somewhat
in different directions.

In accordance with another aspect of the invention, the
blade assemblies define curved baskets and each shaft may
include multiple curved baskets extending from it. Adjacent
curved baskets on one shaft may be spaced from each other
and in staggered alignment with corresponding spaced-apart
curved baskets on the other shaft. This allows the multiple
curved baskets of the pair of shafts to intermesh and simulta-
neously pass through the common volume between the shafts,
whether the shafts rotate in the same or opposite directions,
which may impart a cutting or stirring action that enhances
turbulent flow of the vat contents in the common volume.

In accordance with another aspect of the invention, the
blade assemblies extend generally in an axial direction away
from the respective shafts. Each blade assembly faces differ-
ent directions at different locations along its length. In this
way, even if the vat contents and a blade assembly as a whole
are moving in the same direction, since different portions of
the blade assembly face different directions, the contents may
be contacted by the different portions of the blade assembly in
atleast angularly different directions, which enhances cutting
or stirring. Centrifugally flowing vat contents may encounter
a portion of the blade assembly that faces angularly toward
the shaft, such that the contents centrifugally flow in a direc-
tion which may be closer to normal with respect to that
portion of blade assembly than tangential. This may enhance
the cutting or stirring of the vat contents because the contents
may be centrifugally forced through the blade assembly
instead of sliding along it.

In accordance with another aspect of the invention, the
blade assemblies have curved knives with different portions
that face different directions along the length of the curved
knives. The curved knives may cumulatively define a curved
basket. The curved basket may be curved longitudinally and
transversely so that it has a dished-in or concave side and an
opposing dished-out or convex side. The longitudinal and
transverse curvatures may be provided by curved longitudinal
knives and curved transverse knives, respectively, of the
curved basket. The curved baskets may enhance the cutting or
stirring of the vat contents because the contents may be cen-
trifugally forced through the curved basket instead of sliding
along it.

In accordance with another aspect of the invention, a food
processing vat is provided with blade assemblies that extend
in opposing directions from the shaft(s). This may improve
the rotational balance of the shaft(s) which may extend the
use-life of bearings, bushings, and/or other shaft supporting
structures.

In accordance with another aspect of the invention, the
knife assemblies define curved baskets that extend in opposite
directions, with respect to each other, from the shaft(s). The
curved baskets may be mounted so that those extending in one
direction are positioned as a result of a double reflection, a
horizontal and a vertical reflection about the shaft when the
shaft is viewed from an end view, with respect to the curved
baskets extending in the opposite direction. The curved bas-
kets that extend in opposite directions from the shaft, when
viewed from an end view of the shaft, may define an S-shaped
or sigmoidal profile so that their weights are substantially
symmetrical about a centerline of the shaft. This may improve
the rotational balance of the shaft during use.
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Various other features, objects, and advantages of the
invention will be made apparent from the following descrip-
tion taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the best mode presently contem-
plated of carrying out the invention.

In the Drawings:

FIG. 1 is anisometric view from above and in front of a vat
system incorporating a blade arrangement in accordance with
the present invention;

FIG. 2 is an isometric view from above and in back of the
vat system of FIG. 1;

FIG. 3 is a sectional view of the vat system of FIG. 1, taken
at line 3-3 of FIG. 1;

FIG. 4 is a sectional view of the vat system of FIG. 1, taken
at line 4-4 of FIG. 1;

FIG. 5 is the sectional view of the vat system of FIG. 1 as
shown in FIG. 4, with the blade assemblies rotated to a dif-
ferent position than that shown in FIG. 4;

FIG. 6 is the sectional view of the vat system of FIG. 1 as
shown in FIG. 4, with a variant of the blade assemblies;

FIG. 7 is a partially schematic sectional view of the shell
and agitator system of the vat system of F1G. 1, facing toward
the drives;

FIG. 8 is a partially schematic sectional view of the shell
and a variant of the agitator system of the vat system of FIG.
1, facing toward the drives;

FIG. 9 is a partially schematic sectional view of the shell
and another variant of the agitator system of the vat system of
FIG. 1, facing toward the drives;

FIG. 10 is a partially schematic sectional view of the shell
and another variant of the agitator system of the vat system of
FIG. 1, facing toward the drives;

FIG. 11 is an isometric view of a blade assembly of the vat
system of FIG. 1;

FIG. 12 is an exploded, isometric, view of the blade assem-
bly of FIG. 11;

FIG. 13 is a side elevation view of the blade assembly of
FIG. 11,

FIG. 14 is a front elevation view of the blade assembly of
FIG. 11; and

FIG. 15 is atop plan view of the blade assembly of FIG. 11.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 and 2 illustrate a vat system 5 that can be used for
processing food and related products (collectively referred to
as “vat contents”) by mechanically manipulating and heating
or cooling the vat contents, depending on the particular food
or related product being processed. In a representative appli-
cation, the vat system 5 may be used in the production of
cheese, although it is understood that the vat system 5 may be
used in processing other types of food products. The system 5
includes a vat 7 that has a heat transferring system to perform
such heating and cooling, and an agitation system 100 (FIG.
2) that performs the mechanical manipulations tasks.

Referring now to FIGS. 1-4, vat 7 defines an enclosure
having a top wall 10, a bottom wall 11, and side walls 14, 15,
all of which extend longitudinally between a pair of end walls
18 and 19 (FIGS. 1 and 3). The walls 10, 11, 14, are 15 are
multilayered, having an outer jacket 20 and an inner shell 25
that are spaced from each other as shown best in FIGS. 3 and
4. Insulation and various components of the heat transferring
system are housed between the jacket 20 and shell 25. The
shell 25 is the inmost structure of the vat 7, so that its inner

20

25

30

35

40

45

50

55

60

65

4

surface surrounds and defines an outer periphery of a void or
inside space 8 within the vat 7.

Referring now to FIGS. 3 and 4, a lower part of the inside
space 8 resembles two horizontal parallel cylinders that trans-
versely intersect each other, being defined by a bottom wall
26 (FIG. 3) of the shell 25 that has a pair of arcuate depres-
sions which extend along the length of the vat 7, on opposing
sides of a longitudinally extending raised middle segment.
From the opposing sides of the shell bottom wall 26, opposing
shell side walls 27, 28 extend in an outwardly bowed manner,
arching away from each other in a transverse direction of the
vat 7. A shell top wall 29 (FIG. 3) arcs gradually between top
edges of the shell side walls 27, 28 and defines an upper
perimeter of the inside space 8 of vat 7.

Referring now to FIGS. 2, 4, and 5, agitation system 100
includes a motor 101 that delivers power to a pair of drives
102 that rotate a pair of shafts 105 that are parallel to and
spaced from each other, extending between the end walls 18,
19. Each rotating shaft 105 has multiple blade assemblies 110
that extend generally radially from the shaft 105, in opposing
directions. In the embodiment of FIGS. 4 and 5, on each shaft
105, the blade assembly 110 that is closest to the drive(s) 102
is narrower than the other blade assemblies 110. In the
embodiment of FIG. 6, the blade assemblies 110 are substan-
tially the same widths and are wider than the blade assemblies
110 shown in FIGS. 4 and 5. In another embodiment (not
illustrated), the blade assemblies 110 are slightly wider than
the wider blade assemblies 110 shown in FIGS. 4 and 5 so that
the blade assemblies 110 collectively extend entirely between
the end walls 18, 19 of the vat 7, without using narrower blade
assemblies 110 near the drives 102 or elsewhere along the
shafts 105. Respective common direction facing sets of blade
assemblies 110 of the shafts 105 travel simultaneously
through a common swept volume between the shafts.

Referring now to FIGS. 3-5, on each of the shafts 105, each
blade assembly 110 is spaced from adjacent blade assemblies
110 on that shaft 105. The blade assemblies 110 of the two
different shafts 105 are staggered with respect to each other
along the lengths of the shafts 105. This staggered alignment
of'the blade assemblies 110 allows them to intermesh through
each other (FIG. 5) while they travel through the common
volume as the shafts 105 to which they are mounted rotate.
Stated another way, the rotational timing and relative posi-
tions of the blade assemblies 110 and spaces between them of
each shaft 105 correspond, in a staggered way, to the positions
of the blade assemblies 110 and intervening spaces of the
other shaft 105, allowing the respective sets of blade assem-
blies 110 to intermesh through each other (FIG. 5). FIG. 5§
shows a point in the rotation of the shafts 105 in which the
blade assemblies 110 of the shafts 105 intermesh with each
other, by simultaneously pointing toward the other shaft 105,
whereby each blade assembly 110 points toward the shaft 105
to which it is not mounted. At such point in the rotation of the
shafts 105, while the blade assemblies 110 intermesh, sub-
stantially an entire area between the two shafts 105 is occu-
pied with blade assemblies 110 that extend into such area
from the two shafts and thus from different directions.

Referring now to FIG. 6, in this embodiment, each shaft
105 has two blade assemblies 110 which face in opposing
radial directions with respect to the shaft 105. It is understood,
however, that each shaft 105 may have any number of blade
assemblies 110 along its length such as, for example, three,
four or more blade assemblies 110. When the blade assem-
blies 110 of this embodiment intermesh, half of the area
between the shafts 105 is occupied by a blade assembly 110
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from one of the shafts 105 and the other half of the area
between the shafts 105 is occupied by a blade assembly 110
from the other shaft 105.

Referring now to FIGS. 8-10, each blade assembly 110 of
these embodiments faces different directions and different
locations along its length. In other words, the blade assem-
blies 110 are not flat when viewed from a side elevation. The
embodiment shown in FIG. 10 has straight segments that
angularly intersect, whereas the embodiments of FIGS. 8 and
9 are curved along their lengths, giving the blade assemblies
curved profiles. As shown in FIGS. 8 and 10, an angle . of at
least about 50 degrees, optionally at least about 60 degrees, is
defined between the different directions faced by the blade
assembly at the different locations. This is seen by the inter-
secting dashed lines that extend normal to the surfaces of the
blade assemblies 110 and such different locations.

Still referring to FIGS. 8-10, on each shaft 105, the blade
assemblies 110 extending in one direction are positioned as a
result of a double reflection, a horizontal and a vertical reflec-
tion about the shaft 105. This is shown with dashed reflecting
lines and arrows in FIG. 8, in which (i) a horizontal reflection
of the left-side blade assembly 110 about a vertical axis
extending though the shaft, and (ii) a vertical reflection of
such horizontal reflection about a horizontal axis extending
through the shaft are projected onto the right-side blade
assembly. The double-reflected position of the blade assem-
blies 110 about the shaft 105 give the blade assemblies 110 a
generally S-shaped or sigmoidal profile when viewed from an
end view of the shaft 105.

Referring now to FIGS. 3 and 4, blade assembly 110 of this
embodiment is curved along its length and along its width so
that the corresponding curved length and width profiles
define an overall curved basket configuration of the blade
assembly 110. Accordingly, this blade assembly 110 (i) faces
different directions at different locations along its length, and
(i1) faces different directions at different locations along its
width. Thus, lines projected normal to the blade assembly 110
at different locations along its width will extend in different
directions, similar to the dashed arrows showing different
facing directions along the length of the blade assembly 110,
described above with respect to FIGS. 8 and 10. Furthermore,
the blade assembly 110 of the embodiment shown in FIG. 10
may face different directions at different location across its
width. For example, the blade assembly of FIG. 10 may be
angled or V-shaped in cross-section, instead of being flat in
cross-section like it is in some implementations of this
embodiment.

Referring now to FIGS. 11-14, this blade assembly 110
includes two outer longitudinal knives 115 that connect to the
shaft 105, defining the lateral outer sides of the blade assem-
bly 110. Each of the outer longitudinal knives 115 has a wider
bottom end that connects to the shaft. The wider bottom end
has a curved cutout that corresponds in shape to the contour of
the outer circumferential surface of the shaft 105. Multiple
intermediate longitudinal knives 118 that are spaced from
each other are provided between the outer longitudinal knives
115. The intermediate longitudinal knives 118 have the same
radius of curvature as the outer longitudinal knives 115. The
intermediate longitudinal knives 118 are narrower, for
example, about one-half or about one-third as wide, as the
outer longitudinal knives 115.

Referring now to FIGS. 11 and 14, at the bottom of the
blade assembly 110, the intermediate longitudinal knives 118
are spaced from the shaft 105, defining a generally rectangu-
lar opening between the (i) shaft 105, (ii) inwardly facing
surfaces of the lower ends of the outer longitudinal knives
115, and (iii) lower ends of the intermediate longitudinal
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knives 118. At the top of the blade assembly 110, upper ends
of the intermediate longitudinal knives 118 project beyond a
transverse end knife 120 that connects the outer and interme-
diate longitudinal knives 115, 118 to each other. In other
words, the upper ends of the intermediate longitudinal knives
118 project beyond the transverse end knife 120 and the rest
of the blade assembly 110 in a claw-like manner.

Referring now to FIGS. 11, 12, and 14, multiple lower
transverse knives 122 that are spaced from each other extend
between the outer longitudinal knives 115, below or being
closer to the shaft 105 than the transverse end knife 120. The
lower transverse knives 122 have the same radius of curvature
as the transverse end knife 120. The lower transverse knives
122 are narrower, for example, about one-half or about one-
third as wide, as the transverse end knife 120.

Referring again to FIGS. 11-14, together, the intercon-
nected curved longitudinal and transverse knives 115, 118,
120, 122 define the curved basket configuration of the blade
assembly, with opposing dished-in or concave and dished-out
or convex sides. Within this curved basket of the blade assem-
bly 110, the edges of the longitudinal and transverse knives
115, 118, 120, 122 that are on the concave side are chisel-
sharpened or ground to sharp and thin edges, such that these
sharpened edges cumulatively define a concave cutting sur-
face of the blade assembly 110. The edges are sharpened to
angles of less than about 25 or 20 degrees, for example, about
19 degrees. The longitudinal and transverse knives 115, 118,
120, 122 are made from stainless steel, for example, from a
2205 stainless steel alloy which can hold a sharp edge of
about a 19 degree sharpened angle for extended periods of
use. The opposing edges, i.e. those on the convex side of the
longitudinal and transverse knives 115,118, 120, 122 are flat,
such that these unsharpened edges cumulatively define a con-
vex stirring surface of the blade assembly 110.

Accordingly and referring now to FIG. 7, during use of this
embodiment, the shafts 105 rotate in opposite directions and
the arrows indicate the direction of rotation during a cutting
procedure. While cutting, toward the middle of the vat 7, the
blade assemblies 110 of both shafts 105 push downwardly, as
a unit, against and cut through a horizontally extending
columnar mass of the vat contents, while the blade assemblies
110 intermesh through each other (FIG. 5). Toward the out-
sides of the vat 7, the blade assemblies 110 simultaneously
pull up and through the vat contents, adjacent the side walls
27, 28, while the shafts 105 rotate the blade assemblies 110
upwardly out of the vat contents and toward each other for
collectively pushing downwardly through the common swept
volume during the next rotational phase, in which the blade
assemblies 110 again intermesh through each other. While
performing a stirring procedure, the shafts 5 are rotated in the
directions that are opposite those shown by the arrows. In so
doing, the convex stirring surfaces face the direction of rota-
tion of the shafts 5.

Referring now to FIGS. 8 and 10, as in FIG. 7, the arrows
indicate the direction of rotation of the shafts 105 during a
cutting procedure. Unlike the embodiment of FIG. 7, in the
embodiments of FIGS. 8 and 10 the intermeshing cutting is
performed while the blade assemblies 110 lift upwardly
between the shafts 105. Accordingly, in the embodiments of
FIGS. 8 and 10, while cutting, the blade assemblies 110 of
both shafts 105 lift upwardly, as a unit, against and cut
through a horizontally extending columnar mass of the vat
contents in the middle common volume, while the blade
assemblies 110 intermesh through each other (FIG. 5).
Toward the outsides of the vat 7, the blade assemblies 110
simultaneously push down and through the vat contents, adja-
cent the side walls 27, 28, while the shafts 105 rotate the blade
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assemblies 110 toward each other for collectively scooping
under the common swept volume during the next rotational
phase in which the blade assemblies 110 intermesh through
each other, again. While performing a stirring procedure, the
shafts 5 are rotated in the directions that are opposite those
shown by the arrows. In so doing, the convex stirring surfaces
face the direction of rotation of the shafts 5.

Referring now to FIG. 9, in this embodiment, the shafts 105
rotate in the same direction and the arrows indicate the direc-
tion of rotation during a cutting procedure. The blade assem-
blies 110 on the right-side shaft 105 are flipped with respect to
those seen in FIG. 3. This ensures that all of the concave
cutting surfaces of the blade assemblies 110 will face the
direction of rotation of the respective shafts 105. In this
embodiment, while cutting, the blade assemblies 110 of
shafts 105 converge toward each other from above and below
the common volume, cleaving through the mass of vat con-
tents in the middle common volume, while the blade assem-
blies 110 intermesh through each other. Toward the outsides
of the vat 7, the blade assemblies 110 of the shaft 105 shown
on the left side push up through the vat contents along side
wall 27 while the blade assemblies 110 of the shaft 105 shown
on the right side push down through the vat contents along
wall 28. Here too, a stirring operation is performed by rotating
the shafts 105 in the directions that are opposite those shown
by the arrows, so that the convex stirring surfaces face the
direction of rotation of the shafts 5. In another embodiment,
not shown, the convex side is the sharpened cutting surface
and the concave side is the unsharpened stirring surface.

Various alternatives and embodiments are contemplated as
being within the scope of the following claims particularly
pointing out and distinctly claiming the subject matter
regarded as the invention.

We claim:

1. A food processing vat system comprising:

a vat defining an inside space therein;

first and second shafts configured to rotate in respective

first and second directions of rotation within the inside
space of the vat; and

blade assemblies mounted to the shafts so that the blade

assemblies travel through a common swept volume
between the shafts, rotation of the shafts being timed so
that at least some of the blade assemblies of each of the
shafts simultaneously travel through the common swept
volume, wherein each of the blade assemblies includes a
first set of knives that are curved and extend in a longi-
tudinal direction with respect to the blade assembly and
a second set of knives that are curved and extend in a
transverse direction with respect to the blade assembly
and intersect the first set of knives defining a curved
basket of interconnected knives at each of the blade
assemblies, wherein each of the blade assemblies has a
concave side and an opposing convex side defined by the
curved basket of interconnected knives facing toward or
away from the respective direction of rotation of the
corresponding shaft to which the blade assembly is
mounted.

2. The food processing vat system of claim 1, wherein the
shafts rotate in opposite directions.

3. The food processing vat system of claim 2, the blade
assemblies on each of the shafts being spaced from adjacent
ones of the blades assemblies on the respective shaft.

4. The food processing vat system of claim 1, wherein the
shafts rotate in the same direction.
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5. The food processing vat system of claim 1, wherein the
blade assemblies of the shafts intermesh through each other
while simultaneously traveling through the common swept
volume.

6. The food processing vat system of claim 5, the blade
assemblies on one of the shafts being in staggered alignment
with corresponding blade assemblies on the other one of the
shafts.

7. The food processing vat system of claim 1, each of the
shafts having blade assemblies that extend in opposite direc-
tions.

8. A food processing vat system comprising:

a vat defining an inside space therein;

a shaft configured to rotate within the inside space of the

vat; and

a blade assembly mounted to the shaft and having a length

and a width, the blade assembly defining a curved basket
of interconnected knives including interconnected lon-
gitudinally extending curved knives extending along the
length of the blade assembly and interconnected trans-
versely extending curved knives extending along the
width of the blade assembly, wherein the longitudinally
extending curved knives and the transversely extending
curved knives include sharpened edges facing different
directions at different locations along both the length
and the width of the blade assembly, wherein the blade
assembly is not flat when viewed from a side elevation of
the blade assembly facing toward an end of the shaft.

9. The food processing vat system of claim 8, wherein an
angle of at least about 50 degrees is defined between the
different directions faced by the blade assembly at the difter-
ent locations.

10. The food processing vat system of claim 8, wherein
opposing ends of the curved basket of interconnected knives
face directions that define an angle of at least about 50 degrees
therebetween.

11. The food processing vat system of claim 8, wherein the
longitudinally extending curved knives extend in a generally
radial direction from the shaft and are spaced from each other
along a width of the curved basket.

12. A food processing vat system comprising:

a vat defining an inside space therein;

a shaft configured to rotate within the inside space of the

vat, defining a direction of rotation of the shaft;

a first blade assembly mounted to and extending generally

radially from the shaft in a first direction; and

a second blade assembly mounted to and extending gener-

ally radially from the shaft in a second, opposite direc-
tion; and

wherein each of the first and second blade assemblies

defines a curved basket of interconnected knives includ-
ing interconnected longitudinally extending curved
knives and interconnected transversely extending
curved knives and wherein each curved basket of inter-
connected knives of the first and second blade assem-
blies has a concave side and an opposing convex side
arranged with the concave side or the convex side facing
toward the direction of rotation of the shaft.

13. The food processing vat system of claim 12, wherein
each of the blade assemblies (i) has a length and a width, and
(ii) faces different directions at different locations along both
the length and the width.

14. The food processing vat system of claim 12, wherein
the first and second blades assemblies are mounted to the
shaft so that when viewed from an end of the shaft, the second
blade assembly is in a position of double reflection that is (i)
a horizontal reflection of the first blade assembly about a
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vertical axis extending through the shaft, and (ii) a vertical
reflection of the horizontal reflection about a horizontal axis
extending through the shaft.

15. The food processing vat system of claim 14, wherein
the longitudinally extending curved knives are spaced from
each other along the width of the blade assembly.

16. The food processing vat system of claim 14, the blade
assemblies defining a generally S-shaped profile when
viewed from an end view of the shaft.
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